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Examining the Impact of Race and Rurality on Health Differences among
Overweight Youth Accessing Pediatric Endocrinology Care
Abstract
Methods: This study examines the impact of race and rurality on health differences, including prevalence
of prediabetes and type 2 diabetes (T2D), among overweight children accessing pediatric endocrine
specialty care. Cross-sectional analysis of overweight/obese youth 10 to 18 years of age receiving
pediatric endocrinology consultation for weight gain, hyperglycemia, and/or T2D from 2013 to 2016 at a
Midwest tertiary pediatric center.
Results: The 722 patients were 42% white, 25% black, 22% Hispanic; 88% lived in urban areas and 12% in
rural areas. Rurality was determined using zip code approximation of Rural-Urban Commuting Area
(RUCA) codes. After adjusting for confounders, black patients were 2.26 times (95% CI: 1.26 - 4.11; P =
0.007) more likely than white patients to have T2D. White patients were 1.83 times (95% CI: 1.26 - 2.68; P
= 0.002) more likely to have normal glucose metabolism than non-white patients. No significant
differences were found between urban and rural populations.
Conclusions: Among overweight youth, minorities are more likely to have abnormal glucose metabolism
at the time of initial endocrine evaluation compared to white youth. However, rurality does not appear to
contribute to the same health disparities. These findings suggest the presence of racial differences in
timing of endocrine referrals among overweight children, and underscores the need for future
investigation of mechanisms contributing these differences.
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ABSTRACT
Methods: This study examines the impact of race and rurality on health differences,
including prevalence of prediabetes and type 2 diabetes (T2D), among overweight children
accessing pediatric endocrine specialty care. Cross-sectional analysis of overweight/obese
youth 10 to 18 years of age receiving pediatric endocrinology consultation for weight gain,
hyperglycemia, and/or T2D from 2013 to 2016 at a Midwest tertiary pediatric center.
Results: The 722 patients were 42% white, 25% black, 22% Hispanic; 88% lived
in urban areas and 12% in rural areas. Rurality was determined using zip code
approximation of Rural-Urban Commuting Area (RUCA) codes. After adjusting for
confounders, black patients were 2.26 times (95% CI: 1.26 - 4.11; P = 0.007) more likely
than white patients to have T2D. White patients were 1.83 times (95% CI: 1.26 - 2.68; P =
0.002) more likely to have normal glucose metabolism than non-white patients. No
significant differences were found between urban and rural populations.
Conclusions: Among overweight youth, minorities are more likely to have
abnormal glucose metabolism at the time of initial endocrine evaluation compared to white
youth. However, rurality does not appear to contribute to the same health disparities. These
findings suggest the presence of racial differences in timing of endocrine referrals among
overweight children, and underscores the need for future investigation of mechanisms
contributing these differences.
Keywords: health disparities; access; obesity; endocrinology; diabetes
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INTRODUCTION
Health disparities refer to specific differences in health outcomes associated with
influences such as social, economic, or environmental disadvantage (Healthy People 2020, 2017).
They are a consequence of system level factors which create barriers to health for specific
populations. Obesity and type 2 diabetes (T2D) are conditions known to disproportionately affect
racial/ethnic minorities and rural inhabitants, contributing to worse health outcomes in these
populations (Centers for Disease Control and Prevention, 2013; Dabelea et al., 2014; Davis,
Bennett, Befort, & Nollen, 2011; Krishna, Gillespie, & McBride, 2010; Skinner, Perrin, & Skelton,
2016).
Current guidelines recommend that primary care providers seek endocrine consultation for
the management of children with T2D any time the provider lacks familiarity with managing
pediatric T2D, initial treatment is ineffective, or if considering insulin therapy (Copeland et al.,
2013). However, T2D represents one end of the spectrum of obesity-related glucose abnormalities.
There are no formal referral guidelines for overweight and obese pediatric patients prior to the
development of T2D, and clinician practices are variable (Quattrin, Liu, Shaw, Shine, & Chiang,
2005).
This absence of a management consensus presents the opportunity to investigate potential
health disparities within this pediatric population. The objective of this investigation was to
identify whether the presence of abnormal glucose metabolism (prediabetes and T2D) differs by
sociodemographic characteristics at the time of initial pediatric endocrine consultation among
overweight/obese youth. We hypothesized that minority and rural youth would be more likely than
white and urban youth to have abnormal glucose metabolism at initial pediatric endocrine
evaluation.
METHODS
Study Design and Participants
We conducted an observational cross-sectional study using electronic health record data
from September 2013 through August 2016 at a tertiary pediatric center. This institution
encompasses 2 freestanding children’s hospitals, 4 urban and 8 rural pediatric endocrinology
clinics throughout Missouri and Kansas. The study was approved by the hospital’s Institutional
Review Board.
The population included children 10 to 18 years of age, with a body mass index (BMI)
equal to or greater than the 85th percentile for age and sex (Center for Disease Control and
Prevention, 2017), who presented for initial pediatric endocrinology consultation from September
2013 through August 2016 with an ICD-9 or ICD-10 diagnosis code suggestive of obesity, insulin
resistance, hyperglycemia, and/or T2D. All potential participants’ records that were generated by
review of diagnostic codes were then reviewed individually by study personnel for additional
exclusion criteria.
Participants were excluded if they had any form of diabetes other than T2D (e.g., type 1
diabetes, monogenic diabetes), a genetic syndrome associated with obesity, were taking
medications associated with insulin resistance and hyperglycemia (glucocorticoids, atypical
antipsychotics), or were simultaneously referred for evaluation of a different endocrinopathy, such
as short stature or polycystic ovarian syndrome. Also excluded were participants already being
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treated pharmacologically for T2D or other obesity-related comorbidities at the time of initial
endocrine assessment.
Sociodemographic Factors
Information on race/ethnicity was self-reported by parents or patients upon their initial
registration at the institution for clinical care and was collected from the electronic health record.
For our analysis, any patient who responded with a race/ethnicity other than white, black, or
Hispanic was categorized as “other”.
Zip code data from the patients’ home address were recorded. Rurality was determined
using zip code approximation of Rural-Urban Commuting Area (RUCA) Codes. Cutoffs were
applied to create 2 categories of geographic location (urban and rural) as recommended by
developers of the RUCA classification system (University of Washington Rural Health Research
Center, 2013).
Glucose Metabolism
The primary outcome variable of interest was glucose metabolism, which was
characterized as T2D, prediabetes, or normal glucose metabolism based on laboratory data. In
accordance with criteria established by the American Diabetes Association (2017), the presence
of T2D was determined if HbA1c was greater than or equal to 6.5%, fasting blood glucose was
greater than or equal to 126 mg/dL (7.0 mmol/L), and/or a blood glucose was equal to or greater
than 200 mg/dL (11.1 mmol/L) two hours after an oral glucose tolerance test (OGTT, 1.75 g/kg,
maximum 75 g). Prediabetes was diagnosed if the participant met diagnostic criteria for impaired
fasting glucose, defined as a fasting serum glucose greater than 100 mg/dL (5.6 mmol/L) but less
than 126mg/dL (7.0 mmol/L), or impaired glucose tolerance, defined as a serum glucose greater
than 140 mg/dL (7.8 mmol/L) but less than 200 mg/dL (11.1 mmol/L) 2 hours after an OGTT.
Participants who did not meet any of these criteria were presumed to have normal glucose
metabolism.
Other Obesity-Related Comorbidities
The presence of other obesity-related comorbidities including hypertension, dyslipidemia,
and non-alcoholic fatty liver disease (NAFLD) was also analyzed. The criteria used for diagnosis
of these conditions were based on recently published pediatric clinical guidelines (Styne et al.,
2017). Systolic and diastolic blood pressures from the initial endocrine office visit were recorded.
Laboratory data was either obtained from the records of the referring physician or at the time of
the initial endocrine consultation.
Statistical Analysis
Standard descriptive statistics were used to analyze demographic and clinical information.
All analysis considered comparisons between subgroups based on race/ethnicity and geographic
location; as well as, examining differences between univariate (unadjusted P values) and
multivariate test adjusting for insurance type, age group category, weight status category, and sex
(adjusted P values). ANOVA frameworks were utilized to test differences between clinical data
measurements. Prevalence of various obesity-related comorbidities were obtained. These
comorbidities were tested for their association with various race/ethnicity grouping through the
use of the Cochran-Mantel-Haenszel test. Risk factors for T2D, identified based on clinical
knowledge and literature review, were used to calculate odds ratios and their corresponding 95%
confidence intervals through multivariate logistic regression. All hypothesis testing was two sided
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with a P value less than 0.05 interpreted as statistically significant. All statistical analyses were
performed using SAS statistical software Version 9.4 (SAS Institute Inc., Cary, NC).
RESULTS
Study Population Characteristics
Based on inclusion and exclusion criteria, 722 eligible participant records were analyzed
in the study. Demographic and BMI characteristics are summarized in Table 1. A slight majority
of the participants were female (57%) and had public insurance (60%). Forty-two percent of
children were white, 25% black, 22% Hispanic, and 11% were an alternative race/ethnicity
(“other”). Most participants were from urban areas (88%). Fifty-two percent of patients were
classified as severely obese, 43% as obese, and 6% as overweight.
Table 1: Demographic Characteristics of the Study Population (Total N = 722)
Characteristic

No. (%)

Age
10-13 years
14-17 years
Sex

485 (67.2)
237 (32.8)

Male
312 (43.2)
Female
410 (56.8)
Race/Ethnicity
White
301 (42.2)
Black
178 (24.9)
Hispanic
160 (22.4)
Other
75 (10.5)
Language
English
623 (86.3)
Spanish
96 (13.3)
Other
3 (0.4)
Insurance
Private
281 (38.9)
Public
432 (59.8)
Uninsured
9 (1.2)
Location
Urban
638 (88.4)
Rural
84 (11.6)
a
Weight Status
Overweight
41 (5.7)
Obese
308 (42.7)
Severely Obese
373 (51.7)
a
th
th
Overweight, BMI z score 1.04 to < 1.65 (85 to < 95 percentile); Obese, BMI z score 1.65 to < 2.33 (95 th to < 99th
percentile); Severely obese, BMI z score ≥ 2.33 (≥ 120 percent of the 95th percentile).
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Means and standard deviations for clinical data, subdivided by race/ethnicity and
geographic location, are provided in Table 2. Hispanic patients were slightly younger at referral
and were more likely to be male. Black patients had slightly higher BMI z scores compared to
white and Hispanic patients. Mean HbA1c was significantly higher in black patients (6.54%)
compared to white (5.77%) and Hispanic (6.03%) patients. After adjusting for insurance type,
age group category, weight status category, and sex, this difference was still significant (P <
0.001). Statistically significant differences were also present among races/ethnicities for the two
hour glucose on OGTT, high-density lipoprotein (HDL), triglycerides, and alanine
aminotransferase (ALT). After adjusting for the previously mentioned variables and
race/ethnicity, only higher mean LDL cholesterol was significantly different between urban and
rural populations (92 mg/dL vs. 85 mg/dL, P = 0.04).
Table 2: Demographics and Clinical Data by Race/Ethnicity and Geographic Location
Race/Ethnicity
Characteristic
mean (SD)a

All
(n=722)

White
(n=301)

Black
(n=178)

Hispanic
(n=160)

P

Adjusted
Pb

Age, year

12.71 (1.92)

12.73 (1.94)

12.86 (1.94)

12.34 (1.82)

0.03

Female, No. (%)

410 (56.7)

181 (60.1)

106 (60)

79 (49)

0.07

BMI z score

2.29 (0.38)

2.29 (0.38)

2.34 (0.40)

2.25 (0.35)

0.07

0.02

SBP, mmHg

122.53 (10.65)

121.75 (11.07)

123.32 (11.08)

121.97 (9.02)

0.27

0.55

DBP, mmHg

67.25 (8.03)

67.35 (8.75)

67.75 (7.61)

66.85 (7.50)

0.60

0.62

HbA1c, %

6.06 (1.41)

5.77 (1.03)

6.54 (1.90)

6.03 (1.16)

<0.001

<0.001

FBG, mg/dL

97.14 (25.57)

95.98 (29.09)

94.06 (8.94)

103.54 (34.38)

0.06

0.08

2hr BG, mg/dL

132.96 (42.76)

142.41 (57.51)

123.34 (25.85)

135.40 (40.47)

0.06

0.03

TC, mg/dL

162.43 (31.77)

162.53 (31.96)

162.64 (30.62)

163.39 (34.04)

0.97

0.74

HDL, mg/dL

42.51 (11.28)

41.56 (10.80)

45.76 (11.29)

40.959 (12.17)

<0.001

<0.001

LDL, mg/dL

90.88 (27.69)

89.40 (26.61)

93.94 (27.10)

89.28 (31.03)

0.24

0.13

TG, mg/dL

148.33 (87.43)

157.32 (94.78)

115.67 (62.31)

173.01 (91.33)

<0.001

<0.001

ALT, unit/L

37.45 (37.16)

36.94 (38.44)

24.58 (11.73)

52.02 (49.61)

<0.001

<0.001

0.89

SD indicates standard deviation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure, FBG; fasting blood glucose; 2hr BG, blood glucose 2 hours after oral glucose tolerance test (1.75 g/kg,
maximum 75 g); TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALT, alanine
aminotransferase.
a
Unless otherwise noted
b
ANOVA testing adjusted for age group, sex, insurance type, and weight status for continuous variables
c
ANOVA testing adjusted for age group, sex, race/ethnicity, insurance type, and weight status, insurance type for
continuous variables
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Table 2 continued:
Demographics and Clinical Data by Race/Ethnicity and Geographic Location
Geographic Location
Characteristic
mean (SD)a

All
(n=722)

Urban
(n=638)

Rural
(n=84)

P

Adjusted
Pc

Age, year

12.71 (1.92)

12.71 (1.91)

12.77 (1.95)

0.76

Female, No. (%)

410 (56.7)

359 (56.3)

51 (61)

0.44

BMI z score

2.29 (0.38)

2.29 (0.37)

2.30 (0.39)

0.77

0.69

SBP, mmHg

122.53 (10.65)

122.54 (10.73)

122.42 (10.04)

0.92

0.82

DBP, mmHg

67.25 (8.03)

67.25 (8.04)

67.22 (7.96)

0.97

0.78

HbA1c, %

6.06 (1.41)

6.05 (1.34)

6.15 (1.90)

0.54

0.74

FBG, mg/dL

97.14 (25.57)

96.62 (24.37)

101.26 (33.72)

0.31

0.53

2hr BG, mg/dL

132.96 (42.76)

132.48 (42.37)

136.62 (46.58)

0.68

0.51

TC, mg/dL

162.43 (31.77)

162.74 (31.83)

159.90 (31.19)

0.49

0.25

HDL, mg/dL

42.51 (11.28)

42.66 (11.32)

41.28 (10.90)

0.34

0.38

LDL, mg/dL

90.88 (27.69)

91.52 (27.64)

85.48 (27.74)

0.10

0.04

TG, mg/dL

148.33 (87.43)

145.65 (84.30)

170.07 (107.87)

0.03

0.36

ALT, unit/L

37.45 (37.16)

37.14 (37.39)

39.94 (35.52)

0.58

0.70

0.57

SD indicates standard deviation; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure, FBG; fasting blood glucose; 2hr BG, blood glucose 2 hours after oral glucose tolerance test (1.75 g/kg,
maximum 75 g); TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; ALT, alanine
aminotransferase.
a
Unless otherwise noted
b
ANOVA testing adjusted for age group, sex, insurance type, and weight status for continuous variables
c
ANOVA testing adjusted for age group, sex, race/ethnicity, insurance type, and weight status, insurance type for
continuous variables

Glucose Metabolism
Risk factors for T2D are detailed in Table 3. Of all factors analyzed, black race conveyed
the highest odds of T2D. Even when adjusted for age, sex, insurance, weight status, and geographic
location, black youth were 2.26 times (95% CI: 1.26 - 4.11; P = 0.007) more likely to have T2D
at initial endocrine visit compared to white youth. Older age (aOR 1.58; 95% CI: 0.97 - 2.56; P =
0.06), female sex (aOR 1.60; 95% CI: 0.98 - 2.65; P = 0.06), and insurance status (aOR 1.72; 95%
CI: 1.01 - 3.01, P = 0.05) also conveyed higher odds of T2D, though these variables did not reach
statistical significance. Geographic location and weight status demonstrated no significant
associations with T2D.
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Table 3: Risk Factors for Type 2 Diabetes
No.
Overall

No.
T2D

%
T2
D
11.5

aORa

95% CI

Adjuste
d
Pa

Total Study
722
83
Population
Age
10-13
485
48
9.9
(Reference)
14-17
237
35
14.8
1.58
0.97, 2.55
0.06
Sex
Male
312
28
9.0
(Reference)
Female
410
55
13.4
1.60
0.98, 2.65
0.06
Race/Ethnicity
White
301
23
7.6
(Reference)
Black
178
32
18.0
2.26
1.26, 4.11
0.007
Hispanic
160
18
11.3
1.42
0.71, 2.79
0.32
Other
75
10
13.3
1.75
0.75, 3.81
0.17
Insurance
Private
281
22
7.8
(Reference)
Public
432
60
13.9
1.72
1.01, 3.01
0.05
Geographic Location
Urban
638
70
11.0
(Reference)
Rural
84
13
15.5
1.47
0.73, 2.75
0.26
Weight Status b
Overweight
41
7
17.0
(Reference)
Obese
308
28
9.1
0.60
0.25, 1.63
0.28
Severely Obese
373
48
12.9
0.80
0.35, 2.10
0.63
T2D indicates type 2 diabetes; CI, confidence interval; aOR, adjusted odds ratio
a
Adjusted for age group, sex, race/ethnicity, insurance type, geographic location, and weight status
b
Overweight, BMI z score 1.04 to < 1.65 (85th to < 95th percentile); Obese, BMI z score 1.65 to < 2.33 (95th to < 99th
percentile); Severely obese, BMI z score ≥ 2.33 (≥ 120 percent of the 95th percentile)

The prevalence of abnormal (prediabetes and T2D) and normal glucose metabolism is
depicted by race/ethnicity and geographic location in Figure 1. Overall, the vast majority of
participants (75%) had normal glucose metabolism, while 13% had impaired glucose tolerance or
impaired fasting glucose (“prediabetes”), and 12% had T2D. After adjusting for age, weight status,
sex, and insurance type, white patients were 1.83 times more likely than non-white patients to have
normal glucose metabolism (95% CI: 1.26 - 2.68, P 0.002). Black patients were more likely to
have T2D (18% vs. 8%, P = 0.005) and Hispanic patients were more likely to have prediabetes
(22 vs. 10%, P = 0.005) compared to white patients. No differences in prevalence of abnormal
glucose metabolism were identified between urban and rural populations. Although statistical
analysis of urban and rural populations by race/ethnicity was limited due to small sample size, it
is notable that T2D prevalence in rural white youth (n= 32) was only 6%, compared to 28% in
rural black youth (n=17), and 21% in rural Hispanic youth (n=24).
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Figure 1: Prevalence of Type 2 Diabetes, Prediabetes, and Normal Glucose Metabolism by
Race/Ethnicity (A) and Geographic Location (B)
A)

B)

*: P < 0.05, **: P < 0.01, ***: P < 0.001; A) Chi-square testing (reference: white), adjusted for age category, sex,
insurance type, weight status category; B) Chi-square testing adjusted for age category, sex, race/ethnicity, insurance
type, weight status category

Other Obesity-Related Comorbidities
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Prevalence of other obesity-related comorbidities, including dyslipidemia, NAFLD and
hypertension were also calculated. Dyslipidemia was the most common obesity-related
comorbidity present in 71% of the sample, followed by NAFLD (48%), and hypertension (30%).
After adjusting for age, weight status, sex, and insurance type, only dyslipidemia showed
significant variation among races/ethnicities (P value 0.03). No significant association with the
presence or absence of these obesity-related comorbidities was identified based on urban versus
rural geographic location. Of note is that 11% of the study population did not meet diagnostic
criteria for any of the obesity-related comorbidities assessed as part of the study (prediabetes, T2D,
hypertension, dyslipidemia, NAFLD).
DISCUSSION
Obesity-related concerns commonly prompt referral to a pediatric endocrinologist. In our
racially and geographically diverse sample, we found that three-fourths of patients presenting for
pediatric endocrine consultation have normal glucose metabolism at the time of their initial
assessment, and 11% of patients have no evidence of prediabetes, T2D, dyslipidemia,
hypertension, or NAFLD. There are no formal guidelines prompting referral for pediatric
endocrine assessment of obesity in the absence of blood glucose abnormalities, yet within our
study cohort, this was common practice. However, our data show that black children had more
than twice the odds of having T2D at their initial assessment compared to white children, in spite
of adjustment for potential confounders. These data suggest that primary care providers are more
likely to refer children prior to glucose abnormalities if the child is white. Although this disparity
is attenuated when adjusting for insurance type, a proxy for socioeconomic status, the findings
remain statistically significant. This would suggest that lower socioeconomic status influences the
likelihood of endocrine consultation, but that other racial biases are in place that prevent referral
and/or follow through with pediatric endocrine consultation.
Several other studies have been performed regarding the influence of race/ethnicity on the
timing of medical specialist access in youth, but none has focused on the presence of prediabetes
and T2D. However, some comparisons can be made to other pediatric disorders. Asthma, like T2D,
has a higher prevalence in minority children with higher rates of complications (Akinbami,
Moorman, Garbe, & Sondik, 2009; Hill, Graham, & Divgi, 2011), yet black youth have more
severe asthma at the time of pediatric pulmonologist evaluation (Mitchell, Bilderback, & Okelo,
2016). Dental caries also are more common in minority children, but dentist visits and sealant use
most often occur among non-Hispanic white children.(Griffin, Wei, Gooch, Weno, & Espinoza,
2016). Despite being one of the most commonly diagnosed ailments in children of all races,
minority youth with recurrent otitis media are significantly less likely to be evaluated by a medical
specialist compared to white youth (Bhattacharyya, Shapiro, & Vakharia, 2010). In addition, black,
Hispanic, and Asian youth with major depressive episodes are less likely to be treated by a mental
health specialist compared to non-Hispanic white youth (Cummings & Druss, 2011). One study
reviewing national data found no racial disparities among obese children evaluated in the primary
care setting who were referred for specialty consultation of obesity-related comorbidities (Walsh,
Milliren, Feldman, & Taveras, 2013). However, due to small sample size, prediabetes or T2D as
isolated comorbidities were not assessed for disparities. Multiple hypotheses exist for why
minority children have impaired access to pediatric subspecialists: primary care physicians and/or
parents underestimate disease severity; there is low parental health literacy and lack of
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understanding of the need for specialist consultation; and insufficient resources due to lower
socioeconomic status, such as insurance and transportation, which limit access to specialist care
(Chu, Sweis, Guay, & Manski, 2007; Mitchell et al., 2016).
Prior research suggests an increased risk of obesity in rural pediatric populations (BaileyDavis, Horst, Hillemeier, & Lauter, 2012; Davis et al., 2011; Johnson & Johnson, 2015; Lutfiyya,
Lipsky, Wisdom-Behounek, & Inpanbutr-Martinkus, 2007), though studies investigating specific
obesity-related comorbidities in rural youth are lacking. In adults, several researchers have
identified an increased prevalence of T2D, heart disease, and stroke-related deaths in rural
populations (Ingram & Montresor-Lopez, 2015; Krishna et al., 2010; O'Connor & Wellenius,
2012; Utz, 2008). Within our study population, we observed no significant health differences
between urban and rural patients. Specifically, in contrast to our hypothesis, we found no
relationship between the presence of abnormal glucose metabolism (prediabetes or T2D) and
patients’ geographic location. This may be partially explained by the presence of multiple rural
outreach clinics at the study institution, which likely enhanced rural inhabitants’ access to pediatric
subspecialty care. While rurality alone did not appear to contribute to health differences in our
study population, when analyzing data by both race and geographic location, some noteworthy
findings were demonstrated. For example, we identified that black rural youth compared to the
remaining study population (including black urban youth) had higher HbA1c (6.94% vs. 5.93%)
and prevalence of T2D (28% vs. 12%).
Our study has several limitations. First, causality cannot be inferred from an observational
study, thus results should be interpreted with caution. Second, the results of this study are subject
to biases inherent of a retrospective chart review, and because the data were collected for clinical
care and not specifically to address the study objectives, errors in measurement and documentation
cannot be discounted. Third, our use of patients referred to a single academic institution may limit
the generalizability of results. Furthermore, selection bias could have also been introduced given
did not have access to data from individuals who were referred to pediatric endocrinology but did
not arrive for their consultation or were referred to another institution. Finally, the diagnosis of
obesity-related comorbidities was based on measurements from a single point in time. In clinical
practice, these diagnoses are typically based on multiple measurements, thus the prevalence of
these comorbidities may have been under or overestimated.
CONCLUSION
The findings of this study illustrate important racial differences among overweight/obese
youth presenting for pediatric endocrine consultation. Compared to white children, minority youth
are more likely to be evaluated by an endocrinologist after they have already developed prediabetes
or T2D. Conversely, rural youth appear to demonstrate comparable health status to urban youth at
their initial pediatric endocrinology assessment when several rural specialty clinic locations are
available. This research adds to our knowledge of the impact of race and rurality on pediatric
endocrinology referrals for obesity evaluation. Improved understanding of these social
determinants of health is critical to eliminating disparities in health care and achieving more
equitable clinical outcomes.
Ultimately, further investigation is needed to elucidate the underlying mechanisms for why
overweight white youth are presenting for pediatric endocrinology assessment with less significant
glucose abnormalities compared to minority youth; specifically, how do factors related to referring
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providers, families, and specialty consultants influence these health differences. In addition, it is
currently unknown if delayed endocrinology access in minority youth contributes to long-term
health outcomes, or conversely, whether early referral of overweight white youth impedes
pediatric endocrinology access for others with more acute concerns. Potentially, standardized
endocrinology referral guidelines for primary care providers pertaining to overweight and obese
pediatric patients prior to the development of T2D would address some of the variability in
clinician practices.
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